Abstract. The heap of new waste in landfills impose a large additional load on leachate pipelines constructed under existing landfill sites. There is urgent need to address safety problems caused by the new effect that is produced on these pipelines. Based on a modified Spangler model, the deformations of HDPE pipelines of different diameters and different wall thicknesses under garbage load were calculated and compared with design requirements. The calculation results show that the upper load has remarkable effect on the deformation of pipeline ring cross sections, the deflection of pipelines and loop tension stress of pipe walls. This was due to the differences of diameter and wall thickness of different HDPE pipelines which responded differently to the upper load.
Introduction
With rapid expansion of cities to cope with urbanization, the amount of municipal solid waste that is being generated increases day by day. In china, majority of the municipal solid waste produced are disposed by landfill [1] . However, most of the large number of landfill sites in the country were constructed many years ago and now their design capacity cannot meet the rapid growth of newly generated waste. This has heightened the need for expansion of landfill sites. The heap of new waste in landfills will impose a large additional load on the leachate pipelines of existing landfill sites, and new serious effects will be produced on the pipelines [2] . Therefore, it is very important to evaluate the safety of the pipelines under old landfill sites after the expansion of the landfill site.
Each part of the leachate collection system must have sufficient strength and rigidity to support the overlying load. Under the load of the upper garbage, the most easily damaged part of the leachate collection system is the collection and discharge pipelines. Too large deformations may cause bending failure to the pipeline such that the pipelines cannot function normally, which will subsequently affect the normal operation of the landfill site.
Leachate drainage systems are mainly composed of HDPE pipelines [3] , these pipelines are mainly connected by flange connections and welding. The pipelines are arranged in an impervious layer, under the load of old landfill stress. This study examines the deformations caused in the HDPE pipelines and the effect of these deformations on the pipelines to verify whether the pipelines meet the standard requirements [4] .
In this paper a new method of verifying the bearing capacity of HDPE pipelines which are used in landfill site is introduced based on the Spangler model engineering program.
Landfill site. From the topographic map, the maximum height of the landfill on the pipelines is H=58m, and the highest point is point A.The bulk density of the garbage is 3 8 / γ = kN m .The pipelines were buried too deep without considerations for the influence of live load. Fig.1 The highest point of landfill site So the maximum upper load is : a k 464 8 58
The leachate drainage system of Ya Hu Landfill Site in Shenzhen is mainly composed of HDPE pipelines. Pipelines of four different diameters were arranged under the landfill, Table 1 shows the specific parameters of the four pipelines: The elastic modulus and tensile strength were chosen based on preference [5] . To determine the influence of the existing landfill stress and deformations that will be caused in the HDPE pipelines, it was necessary to assess the capability of the pipelines. Pipelines of type DN300 were chosen as example to assess the capability of the four pipelines.
Calculation procedure
Deformation checking of pipe ring cross section: HDPE pipe was considered as a flexible pipe, which implied that under excessive load, only burst failure caused by deformation or instability will occur in the pipelines. At the same time, the deformation of the pipeline cannot exceed the allowable value. A number of documents and specifications suggest that the vertical pipe diameter deformation rate shall not exceed 5%.
The vertical pipe diameter deformation is usually calculated using the formula proposed by Spangler-Iowa [6] , and the formula is as follows:
Where: △Y is the vertical pipe diameter deformation; K is a constant for pipe bottom cushion， which depends on the cushion angle, because the blind ditch is piled up by gravel ,if the cushion angle is not large, generally K =0. Checking for pipeline deflection: Pipe deflection is mainly caused by the lack of pipe stiffness. A flexible pipe can be bent due to the internal hollow and high external landfill soil pressure, so the control of deflection may play a key role in the design of the pipeline. Meyerhof and Baike [7] proposed using the following formula to calculate the critical deflection pressure of embedded pipelines:
Where: P cr is the critical deflection pressure; E` is resilient modulus, E`=66866kPa; v is the Poisson ratio of pipe; E is pipe-elastic modulus ; I is inertia moment.
All parameters were brought into equation (2), finally P cr was computed, P cr =3976kN/m 2 . The maximum stress in the pipe was: Generally, 2.0 is regarded as the safety factor used to design flexible pipes. That is to say that the safety factor shall be no less than 2.
The safety factor in this case is: 3976 7.94 2 501 = = = > cr s tp
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Checking for loop tension stress of pipe wall:
The loop tensile stress should be less than the design value of the tensile strength of the pipe, that is:
Where: σ is the loop tension stress of pipe wall; 0 γ is importance coefficient, for sewage pipe it equals 1, for rainwater pipes it equals 0.9, for rainwater and sewage pipe it equals 1, here it equals 1; t f is the design value of tensile strength. The loop tensile stress was calculated by the following formula: 
Where: f D is the shape factor associated with the ring stiffness of the pipe and the packing density, here it equals 4.0; 0 y is the distance between pipe center and pipe wall; G γ is the practical safety factor for permanent load, G γ =1.27. All parameters were brought into the equation (3) and equation (4) Table 2 -Table 4 show the calculation results of all the four different kinds of pipelines, the "conclusion" in the table means whether the results meet the design requirements. Table 2 to 4 show that with the exception of loop tension stress check of pipe wall, all the four kinds of pipelines met the code requirements. In checking of loop tension stress of pipe wall, for the type DN500 and DN600, loop tension stress of the pipeline was greater than the yield stress of the pipeline, indicating that the pipelines may be damaged and requires special attention. Better still the two types of pipelines should be replaced under the landfill.
Result and Conclusion
From the results we also know that due to the differences of diameter and wall thickness different HDPE pipelines have different responses to the upper load.
